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Abstract 

Background Transforming growth factor beta (TGF‑β1) is a multifunctional cytokine that has anti‑inflammatory 
and immunosuppressive effects. TGF‑β1 has been linked to cardiovascular disease in the general population. The 
immunosuppressive effect of TGF‑β1 is believed to be dysregulated in patients with systemic lupus erythematosus 
(SLE). In the present work, we aimed to study the relationship of serum levels of TGF‑β1 with subclinical carotid 
atherosclerosis in patients with SLE.

Methods The study included 284 patients with SLE. Serum levels of TGF‑β1 and subclinical carotid atherosclerosis (by 
carotid ultrasonography) were evaluated. In addition, the complete lipid profile and insulin resistance were analyzed. 
Multivariable linear and logistic regression analysis was performed to establish the relationship of TGF‑β1 with carotid 
subclinical atherosclerosis adjusting for traditional cardiovascular risk factors that included lipid profile and insulin 
resistance.

Results Circulating TGF‑β1 was positively and significantly associated with higher levels of LDL:HDL cholesterol 
ratio and atherogenic index. TGF‑β1 was also associated with significantly lower levels of HDL cholesterol and 
apolipoprotein A1. Remarkably, TGF‑β1 was associated with the presence of carotid plaque not only after adjustment 
for demographics (age, sex, body mass index, diabetes, hypertension, and aspirin use) but also after adjustment for 
relationships of TGF‑β1 with lipid profile molecules, insulin resistance, and SLEDAI disease score (odds ratio 1.14 [95% 
confidence interval 1.003–1.30], p = 0.045).

Conclusion TGF‑β1 serum levels are positively and independently associated with the presence of subclinical 
atherosclerosis disease in patients with SLE.
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Background
Transforming growth factor beta 1 (TGF-β1) is a 
polypeptide member of the TGF-β superfamily of 
cytokines. It is a secreted protein that performs 
many cellular functions, including the control of cell 
growth, cell proliferation, cell differentiation, and 
apoptosis. The immunological function of TGFβ1 
includes multifunctional anti-inflammatory and 
immunosuppressive effects [1]. However, TGF-β1 has 
also been linked to inflammation and autoimmunity 
in combination with certain cytokines and T cells [2]. 
In addition to TGFβ1, TGF-β has two other isoforms, 
TGF-β2 and TGF-β3. However, cells of the immune 
system mainly produce TGF-β1, which is the isoform 
usually found in the plasma [3].

Systemic lupus erythematosus (SLE) is a chronic 
autoimmune disease of unknown cause that can 
affect virtually any organ of the body. Immunologic 
abnormalities, especially the production of various 
antinuclear antibodies, are typical of this condition. 
Patients with SLE exhibit a variable spectrum of clinical 
features ranging from mild skin and joint involvement 
to life-threatening renal, hematologic, or central 
nervous system manifestations. A higher prevalence 
of atherosclerosis is present in patients with SLE. A 
systematic review found that the risk of cardiovascular 
disease (CVD) (including myocardial infarction, 
cerebrovascular disease, and peripheral vascular disease) 
among patients with SLE is at least double compared to 
the general population [4]. Accelerated atherosclerosis 
in SLE has been attributed to the damage caused by the 
disease [5], which will eventually lead to the presence 
of an altered lipid profile [6–10] and the appearance of 
insulin resistance and beta cell dysfunction [11–13].

CVD in the general population has been associated 
with TGF-β1 signaling pathways. Plasma levels of TGF-
β1 were found to be reduced in patients with advanced 
atherosclerosis and angiographically proven coronary 
artery disease [14–16]. In addition, genetic mutations in 
TGF-β pathway genes and dysregulation of signaling have 
emerged as an important molecular pathway involved in 
CVD in adults [17]. TGF-β1 expression in patients with 
SLE was found to be dysfunctional [18]. In this sense, the 
production of TGF-β1 by the lymphocytes of patients 
with SLE is reduced compared to controls [19], while the 
production of autoantibodies in SLE can be abolished by 
treatment with TGF-β [20].

In the present study, we have evaluated serum TGF-β1 
levels in a large series of SLE patients in whom traditional 
CVD risk factors, including lipid profiles and insulin 
resistance, have been fully characterized. Our objective 
was to analyze the relationship of TGF-β1 with the 

presence of subclinical carotid atherosclerosis disease 
adjusting for these classic CVD risk factors.

Material and methods
Study participants
This was a cross-sectional study that included 284 
patients with SLE. All SLE patients were 18 years old or 
older, had a clinical diagnosis of SLE, and fulfilled ≥ 4 
American College of Rheumatology (ACR) classification 
criteria for SLE [21]. They had been diagnosed by 
rheumatologists and were periodically followed up 
at rheumatology outpatient clinics. Patients taking 
prednisone, at an equivalent dose of ≤ 10  mg/day, were 
allowed to participate, as glucocorticoids are often 
used in the treatment of SLE. Patients were excluded 
if they had a history of myocardial infarction, angina, 
stroke, cancer, and/or any other chronic diseases or 
evidence of active infection. The research was carried 
out in accordance with the Declaration of Helsinki. The 
study protocol was approved by the Institutional Review 
Committee at Hospital Universitario de Canarias and at 
Hospital Universitario Doctor Negrín (both in Spain), 
and all patients provided informed written consent 
(Approval Number 2015_84).

Data collection and laboratory assessments
Individuals included in the study completed a 
cardiovascular risk factor and medication use 
questionnaire and underwent a physical examination. 
Weight, height, body mass index (BMI), abdominal 
circumference, and systolic and diastolic blood 
pressure (measured with the participant in a supine 
position) were assessed under standardized conditions. 
Information regarding smoking status (current smokers) 
and hypertension treatment was obtained from the 
questionnaire. Medical records were reviewed to 
ascertain specific diagnoses and medications. Fasting 
serum samples were collected and frozen at − 80 °C until 
analysis of circulating lipids. Cholesterol, triglycerides, 
and HDL cholesterol were measured using the enzymatic 
colorimetric assay (Roche). LDL cholesterol was 
calculated using the Friedewald formula. The atherogenic 
index was calculated using Castelli’s formula (total 
cholesterol/HDL cholesterol). A standard technique 
was used to measure high-sensitivity C-reactive protein 
(CRP). The homeostatic model assessment (HOMA) 
method was performed to determine IR. Briefly, the 
HOMA model enabled an estimate of insulin sensitivity 
(%S) and β cell function (%B) from fasting plasma insulin, 
C-peptide, and glucose concentrations. In this study, we 
used HOMA2, the updated computer HOMA model 
[22]. This model can be used to assess insulin sensitivity 
and beta cell function from paired fasting plasma glucose 
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and specific insulin, or C-peptide, concentrations across 
a range of 1–2200  pmol/l for insulin and 1–25  mmol/l 
for glucose. C-peptide better estimates β cell function 
since it is a marker of secretion, and insulin data is 
preferable when calculating %S since HOMA-%S is 
derived from glucose disposal as a function of insulin 
concentration. In our study, IR and %S were calculated 
using insulin serum levels. Otherwise, %B was calculated 
using C-peptide serum levels. The computer model 
provided a value for insulin sensitivity expressed as 
HOMA2-%S (in which 100% is normal). HOMA2-IR 
(insulin resistance index) is simply the reciprocal of %S. 
SLE disease activity and damage were assessed using 
the Systemic Lupus Erythematosus Disease Activity 
Index-2000 (SLEDAI-2  K) [23] and the Systemic Lupus 
International Collaborating Clinics/American College of 
Rheumatology (SLICC/ACR Damage Index-SDI) [24], 
respectively. For the purpose of the present study, the 
SLEDAI-2 k index was broken down into none (0 points), 
mild (1–5 points), moderate (6–10 points), high (11–19), 
and very high activity (> 20) as previously described [25]. 
Disease severity was measured as well, using the Katz 
Index [26]. An ELISA kit was used for the detection of 
TGF-β1 (Elabscience, USA). A standard calibration 
curve was made on each ELISA plate using duplicate 
controls and blanks. Both intra- and inter-coefficients of 
variability are < 10% for this assay.

Carotid ultrasound assessment
A carotid ultrasound examination was performed to 
assess cIMT in the common carotid artery and to identify 
focal plaques in the extracranial carotid tree in patients 
with SLE [27]. A commercially available scanner, the 
Esaote Mylab 70 (Genoa, Italy), equipped with a 7–12-
MHz linear transducer and an automated software-
guided radiofrequency technique, quality intima media 
thickness in real-time (QIMT, Esaote, Maastricht, 
Holland), was used for this purpose. As previously 
reported [28], based on the Mannheim consensus, the 
plaque criteria in the accessible extracranial carotid 
tree (common carotid artery, bulb, and internal carotid 
artery) were defined as follows: a focal protrusion in the 
lumen measuring at least cIMT > 1.5 mm, a protrusion at 
least 50% greater than the surrounding cIMT, or arterial 
lumen encroaching > 0.5 mm [29].

Statistical analysis
Demographic and clinical characteristics in patients with 
SLE and controls were described as mean ± standard 
deviation (SD) or percentages for categorical variables. 
For non-normally distributed continuous variables, 
data were expressed as median and interquartile range 
(IQR). The relation of CV features of the disease with 

circulating TGF-β1 was assessed through multivariable 
linear and logistic regression analysis. The confounders 
were selected from the demographics-related data 
that had a univariable relationship with TGF-β1 with 
a p value less than 0.20. Additionally, to neutralize the 
effect of other modifications on the lipid pattern, an 
additional multivariable analysis was constructed, adding 
to the model those differences in lipid-related molecules 
between patients and controls with a p-value < 0.20. All 
the analyses used a 5% two-sided significance level and 
were performed using the Stata software, version 17/SE 
(StataCorp, College Station, TX, USA). p-values < 0.05 
were considered statistically significant.

Results
Demographics and disease‑related data of systemic lupus 
erythematosus patients
Demographic and disease-related characteristics of 
patients with SLE included are shown in Table  1. Most 
of them were women (92%), and the mean age ± SD was 
50 ± 12  years. BMI of the participants was 28 ± 6  kg/
m2, and the average abdominal circumference was 
92 ± 13  cm. Classic CVD risk factors were common. In 
this sense, 24% of the patients were current smokers, 39% 
had hypertension, 6% were diabetic, and 30% were obese. 
Likewise, 25% of the patients were taking statins and 29% 
were under aspirin. Besides, cIMT was 628 ± 109 µm, and 
carotid plaques were present in 99 (36%) SLE patients 
(Table 1).

The disease duration was 16 (IQR 7–24) years. Most 
SLE patients were in the categories of no activity (40%) 
or mild-moderate activity (39%) as shown by the SLEDAI 
score. SDI and Katz indexes were median 1 (IQR 0–2) 
and median 2 (IQR 1–4), respectively. Seventy-eight 
percent of the patients had a SLICC score equal to or 
higher than 1. Half of the patients (50%) were taking 
prednisone, and the median daily dose of prednisone was 
5  mg/day (IQR 5–7.5  mg). At the time of recruitment, 
67% of patients were found to be positive for anti-DNA, 
and 69% were positive for ENA, with anti-SSA being the 
antibody most frequently found (35%). Sixty-nine percent 
of the patients were taking hydroxychloroquine when the 
study was performed. Other less commonly used disease-
modifying antirheumatic drugs were methotrexate (11%) 
and azathioprine (15%). Additional information on SLE-
related data is shown in Table 1. Disease characteristics 
relation to TGF-β1 stratified in terciles is additionally 
shown in Additional file 1: Table S1.

Relationship of demographic and disease‑related data 
with serum levels of TGF‑β1
Age, abdominal circumference, waist-hip ratio, and 
hypertension were traditional CVD risk factors 
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significantly associated with higher serum TGF-β1 levels 
(Table  2). Regarding SLE-related data, disease duration, 
the presence of anti-SSB, and the use of mycophenolate 
mofetil were associated with higher and significant 
circulating TGF-β1. Similarly, the Katz Severity Index, 
both binary (greater than or equal to 3 points) and 
continuous, was associated with significantly higher 
serum levels of TGF-β1. Besides, SLEDAI was associated 
with higher circulating TGF-β1. However, when this 
score was broken down into its different categories (no 
activity, mild, and moderate to very high), no difference 
was found between the highest compared to the no 
activity reference category. Moreover, the SDI score was 
not associated with serum levels of TGF-β1 (Table 2).

Multivariable relationship of circulating TGF‑β1 with lipid 
pattern, indices of insulin resistance, and subclinical 
carotid atherosclerosis
The relationship of TGF-β1 serum levels (as an 
independent variable) with lipid-related molecules, 
insulin resistance indices, and carotid subclinical 
atherosclerosis is shown in Table  3. In the univariable 
analysis, circulating TGF-β1 was positively and 
significantly associated with higher triglyceride 
levels, LDL:HDL cholesterol and apo B:apoA1 ratios, 
lipoprotein (a), and atherogenic index. In addition, TGF-
β1 was associated with significantly lower levels of HDL 
cholesterol and apolipoprotein A1. These associations 
remained after adjustment for confounding factors, 
with the exception of triglycerides and lipoprotein (a). 

Table 1 Characteristics of SLE patients

SLE patients (n = 284)

Transforming grow factor β1, pg/ml 3164 ± 2652

Age, years 50 ± 12

Female, n (%) 261 (92)

Body mass index, kg/m2 28 ± 6

Abdominal circumference, cm 93 ± 14

Hip circumference, cm 103 ± 12

Waist‑to‑hip ratio 0.90 ± 0.07

Systolic pressure, mmHg 127 ± 20

Diastolic pressure, mmHg 79 ± 11

Cardiovascular co‑morbidity

 Smoking, n (%) 69 (24)

 Diabetes, n (%) 16 (6)

 Hypertension, n (%) 111 (39)

 Obesity, n (%) 85 (30)

 Statins, n (%) 72 (25)

 Aspirin, n (%) 80 (29)

 cIMT, µm 628 ± 109

 Carotid plaque, n (%) 99 (36)

SLE‑related data

 Disease duration, years 16 (7–24)

 CRP, mg/dl 2.0 (0.8–4.4)

 SDI 1 (0–2)

 SDI ≥ 1, n (%) 191 (68)

 Katz Index 2 (1–4)

 Katz ≥ 3, n (%) 126 (44)

 SLEDAI 2 (0–4)

SLEDAI categories, n (%)

 No activity, n (%) 109 (40)

 Mild, n (%) 107 (39)

 Moderate, n (%) 41 (15)

 High, n (%) 10 (4)

 Very High, n (%) 4 (1)

Auto‑antibody profile

 Anti‑DNA positive, n (%) 151 (67)

 ENA positive, n (%) 164 (69)

 Anti‑SSA, n (%) 55 (35)

 Anti‑SSB, n (%) 36 (21)

 Anti‑RNP, n (%) 64 (28)

 Anti‑Sm, n (%) 24 (10)

 Anti‑ribosome 13 (9)

 Anti‑nucleosome 32 (22)

 Anti‑histone 22 (15)

 Antiphospholipid syndrome, n (%) 43 (16)

 Antiphospholipid autoantibodies, n (%) 61 (32)

 Lupus anticoagulant, n (%) 51 (28)

 ACA IgM, n (%) 22 (11)

 ACA IgG, n (%) 39 (20)

 Anti beta2 glycoprotein IgM, n (%) 19 (10)

 Anti beta2 glycoprotein IgG, n (%) 28 (15)

Table 1 (continued)

SLE patients (n = 284)

 C3, mg/dl 130 ± 40

 C4, mg/dl 21 ± 12

 Current prednisone, n (%) 140 (50)

 Prednisone, mg/day 5 (5–7.5)

 Hydroxychloroquine, n (%) 194 (69)

 Methotrexate, n (%) 31 (11)

 Mycophenolate mofetil, n (%) 31 (11)

 Azathioprine, n (%) 43 (15)

 Rituximab, n (%) 8 (3)

 Belimumab, n (%) 8 (3)

Data represent mean ± SD or median (interquartile range) when data were not 
normally distributed

SLEDAI categories were defined as 0, no activity; 1–5, mild; 6–10, moderate; > 10, 
high activity; and > 20, very high activity

BMI Body mass index, C3 C4 Complement, CRP C‑reactive protein, DMARD 
Disease‑modifying antirheumatic drug, ACA  Anticardiolipin, ANA Antinuclear 
antibodies, ENA Extractible nuclear antibodies, cIMT Carotid intima media 
thickness, SLEDAI Systemic Lupus Erythematosus Disease Activity Index, SDI 
Systemic Lupus International Collaborating Clinics/American Colleague of 
Rheumatology Damage Index
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Besides, glucose homeostasis metabolism molecules 
and insulin resistance indices were not associated with 
TGF-β1 in the univariable analysis. Remarkably, TGF-β1 
was associated with the presence of carotid plaque not 
only after adjustment for demographics (age, sex, BMI, 
diabetes, hypertension, and aspirin use) but also after 
adjustment for relationships of TGF-β1 with lipid profile 
molecules and insulin resistance, plus SLEDAI score 
(odds ratio 1.14 [95% confidence interval 1.003–1.30], 
p = 0.045) (Table 3).

Discussion
Our study is the largest in the literature that addresses the 
relationship of TGF-β1 with subclinical atherosclerosis in 
patients with SLE. According to our results, patients with 
carotid plaque have higher circulating TGF-β1 compared 
to those without it. Therefore, we believe that TGF-β1 
may be involved in the mechanisms that lead to CVD in 
patients with SLE.

Two previous studies evaluated TGF-β1 in patients 
with SLE. One of them recruited 70 Egyptian patients 
with SLE [30]. In this series, lower levels of TGF-
β1 were found in patients with high disease activity 
(SLEDAI > 10), while the level tended to be lower 
in those with organ damage. In the other study that 
included 188 patients with SLE stratified according to 
the presence or absence of lupus nephritis [31], patients 
with nephritis showed significantly lower serum TGF-
β1 values compared to patients without lupus nephritis. 
There were significant negative correlations between 

Table 2 Demographics and disease characteristics relation to 
TGF‑β1 serum levels

TGF–β1, pg/ml

Beta coef. 95%CI, p

Univariable

Age, years 28 (0.6–56) 0.045
Female  − 1032 (− 2165–101) 0.074

Body mass index, kg/m2 46 (− 9–102) 0.10

Abdominal circumference, cm 25 (2–48) 0.034
Hip circumference, cm 7 (− 21–34) 0.64

Waist‑to‑hip ratio 7726 (3479–11,972)  < 0.001
Systolic pressure, mmHg  − 4 (− 20–13) 0.66

Diastolic pressure, mmHg  − 7 (− 36–22) 0.64

Cardiovascular co‑morbidity

 Smoking 43 (− 688–775) 0.91

 Diabetes 1300 (− 38–2639) 0.057

 Hypertension 1237 (605–1868)  < 0.001
 Obesity 544 (− 145–1234) 0.12

 Statins 409 (− 317–1135) 0.27

 Aspirin 534 (− 174–1242) 0.14

SLE‑related data

 Disease duration, years 72 (41–102)  < 0.001
 CRP, mg/dl 14 (− 14–41) 0.34

 SDI 34 (− 146–213) 0.71

 SDI ≥ 1  − 184 (− 862–495) 0.59

 Katz Index 315 (157–473)  < 0.001
 Katz ≥ 3 1069 (445–1693)  < 0.001
 SLEDAI 84 (8–160) 0.031
SLEDAI categories

 No activity – –

 Mild  − 46 (− 776–684) 0.90

 Moderate to very high 228 (− 664–1120) 0.62

 Auto‑antibody profile

 Anti‑DNA positive  − 416 (− 1193–361) 0.29

 ENA positive 503 (− 201–1207) 0.16

 Anti‑SSA 428 (− 535–1390) 0.38

 Anti‑SSB 2745 (584–4906) 0.013
 Anti‑RNP  − 250 (− 1008–509) 0.52

 Anti‑Sm  − 465 (− 1552–622) 0.40

 Anti‑ribosome  − 240 (− 1649–1169) 0.74

 Anti‑nucleosome 828 (− 158–1814) 0.099

 Anti‑histone 828 (− 309–1965) 0.15

 Antiphospholipid syndrome 336 (− 410–1082) 0.38

Antiphospholipid autoantibodies

 Lupus anticoagulant 648 (− 159–1456) 0.12

 ACA IgM  − 181 (− 1272–910) 0.74

 ACA IgG 245 (− 618–1108) 0.56

 Anti beta2 glycoprotein IgM 822 (− 347–1992) 0.17

 Anti beta2 glycoprotein IgG  − 28 (− 1002–946) 0.96

 C3, mg/dl  − 3 (− 12–5) 0.47

 C4, mg/dl 3 (− 25–31) 0.82

Table 2 (continued)

TGF–β1, pg/ml

Beta coef. 95%CI, p

Univariable

 Current prednisone 251 (− 384–886) 0.44

 Prednisone, mg/day  − 123 (− 271–25) 0.10

 Hydroxychloroquine 3598 (− 1625–8821) 0.18

 Methotrexate  − 651 (− 1660–358) 0.21

 Mycophenolate mofetil 1473 (445–2502) 0.005
 Azathioprine 50 (− 827–927) 0.91

 Rituximab  − 146 (− 2022–1731) 0.88

 Belimumab 816 (− 1059–2690) 0.39

In this analysis, TGF‑beta serum level was considered the dependent variable

SLEDAI categories were defined as 0, no activity; 1–5, mild; 6–10, moderate; > 10, 
high activity; and > 20, very high activity

BMI Body mass index, C3 C4 Complement, CRP C‑reactive protein, DMARD 
Disease‑modifying antirheumatic drug, ACA  Anticardiolipin, ANA Antinuclear 
antibodies, ENA Extractible nuclear antibodies, SLEDAI Systemic Lupus 
Erythematosus Disease Activity Index, SDI Systemic Lupus International 
Collaborating Clinics/American Colleague of Rheumatology Damage Index. 
Significant beta coefficients and p values are depicted in bold
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TGF-β1 levels and SLEDAI. In contrast, in our study, 
SLEDAI disease activity and severity indices showed 
a positive relationship with TGF-β1 serum levels. 
Unlike these previous studies, our study had a larger 
number of patients, focused on patients with all types 
of manifestations, and we measured not only disease 
activity but damage and severity of disease.

We believe that the inflammation or autoimmunity 
activity of the disease may induce the activation of 
TGF-β1. In this regard, the expression of TGF-β1 is 
context-dependent, because TGF-β can contribute to 
the differentiation of both suppressive and inflammatory 
T cells. In this sense, although TGF-β1 has anti-
inflammatory and immunosuppressive effects, it 
is overproduced in many pathological conditions 
that include pulmonary fibrosis, glomerulosclerosis, 
renal interstitial fibrosis, cirrhosis, Crohn’s disease, 

cardiomyopathy, scleroderma, and chronic graft-vs-host 
disease [32].

Previous studies in the general population have shown 
that plasma levels of TGF-β1 are reduced in patients with 
advanced atherosclerosis and angiographically proven 
coronary artery disease. TGF-β1 levels were thought to 
be inversely related to the development and severity of 
coronary heart disease [14–16, 33]. In a previous work 
in 32 patients with SLE, low-normal TGF-β1 activation 
was linked with increased cIMT [34]. However, in this 
study, no adjustment was made for covariables due to its 
small sample size. In our study, TGF-β1 was positively 
related to the atherogenic index but negatively related to 
HDL and apolipoprotein A1. According to our findings, 
higher levels of circulating TGF-β1 would be associated 
with a proatherogenic profile, while lower levels of TGF-
β1 would lead to a better lipid profile. In keeping with 

Table 3 Multivariable analysis of the relation of TGF‑β1 to lipid pattern, insulin resistance indices, and carotid subclinical 
atherosclerosis

In this analysis, TGF‑beta serum level was considered the independent variable

Model #1 adjusted for age, sex, BMI, diabetes, hypertension, and aspirin use

Model #2 adjusted for model #1 + HDL cholesterol, lipoprotein A, apolipoprotein A1 and glucose + SLEDAI score

LDL Low‑density lipoprotein, HDL High‑density lipoprotein, cIMT Carotid intima media thickness, TGF-β1 Transforming growth factor beta 1, HOMA Homeostatic 
model assessment, CI Confidence interval, ApoA Apolipoprotein A1, ApoB Apolipoprotein B
a Relationship of TGF‑β1 to carotid plaque is shown through odds ratio (OR). Significant beta coefficients and p values are depicted in bold

TGF‑β1, ng/ml

Beta coef. or odds ratio (95% CI), p

Univariable Model #1 Model #2

Lipid profile

 Cholesterol, mg/dl 198 ± 36  − 0.2 (− 1.9 to 1.5) 0.84

 Triglycerides, mg/dl 130 ± 78 4 (0.3 to 7) 0.032 2 (− 1 to 6) 0.22

 LDL cholesterol, mg/dl 111 ± 29 0.3 (− 1 to 2) 0.68

 HDL cholesterol, mg/dl 61 ± 19  − 1 (− 2 to − 0.3) 0.008  − 1 (− 2 to − 0.2) 0.018
 LDL:HDL cholesterol ratio 1.96 ± 0.75 0.04 (0.004 to 0.07) 0.029 0.04 (0.004 to 0.07) 0.028
 Non‑HDL cholesterol, mg/dl 137 ± 33 1 (− 0.5 to 3) 0.18 1 (0.3 to 3) 0.13

 Lipoprotein (a), mg/dl 39 (12 to 108) 4 (0.2 to 8) 0.040 4 (− 0.7 to 8) 0.10

 Apolipoprotein A1, mg/dl 173 ± 35  − 2 (− 4 to − 0.9) 0.003  − 3 (− 4 to − 1) 0.002
 Apolipoprotein B, mg/dl 95 ± 23 0.5 ( to 0.5 to 2) 0.35

 Apo B:Apo A1 ratio 0.57 ± 0.17 0.01 (0.003 to 0.02) 0.004 0.01 (0.003 to 0.02) 0.005
 Atherogenic index 3.5 ± 1.1 0.06 (0.01 to 0.1) 0.016 0.05 (0.004 to 0.1) 0.035
Glucose homeostasis  metabolisma

 Glucose, mg/dl 91 ± 9  − 3 (− 6 to 0.7) 0.13  − 3 (− 6 to 0.2) 0.063

 Insulin, µU/ml 6.8 (4.4 to 9.9)  − 1 (− 4 to 2) 0.43

 C‑peptide, ng/ml 22 (1.5 to 3.4) 0.03 (− 0.6 to 0.6) 0.93

 HOMA2‑IR 0.99 (0.65 to 1.50)  − 0.2 (− 0.6 to 0.3) 0.42

 HOMA2‑S% 101 (67 to 154)  − 5 (− 20 to 10) 0.50

 HOMA2‑B%‑C‑peptide 150 ± 88 6 (− 7 to 19) 0.37

Carotid subclinical atherosclerosis

 cIMT, microns 628 ± 109 2 (− 3 to 7) 0.37

 Carotid plaque, n (%)a 99 (36) 1.17 (1.06 to 1.29) 0.001 1.14 (1.02 to 1.30) 0.027 1.14 (1.003 
to 1.30)

0.045
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these findings, TGF-β1 was associated with the presence 
of carotid plaque in our cohort of SLE. We believe that 
the pathogenic mechanisms leading to the development 
of atherosclerosis in autoimmune and inflammatory 
diseases may differ in some way from those that occur 
in the general population. For example, because SLE 
patients have an abnormal high level of functional TGF-
β1 mutations, this could lead to a secretion of defective 
TGF-β1 that will never activate the TGF-β1 signaling 
pathways after interacting with its receptor. Besides, 
TGF-β1 is co-secreted with latent transforming growth 
factor β-binding proteins and TGF-β1 propeptides [35]. 
Maybe, these co-secreted proteins are upregulated in 
SLE patients leading, therefore, to a higher detection of 
TGF-β1. These mechanisms may favor the upregulation 
of TGF-β1 in SLE, a condition predominantly related to 
inflammation and immune reactions.

In our study, TGF-β1 was associated with carotid 
plaque but not with cIMT. In this sense, cIMT and 
plaque may be the expression of different atherosclerosis 
phenotypes [36]. Moreover, ultrasound assessment of 
carotid plaque had higher diagnostic accuracy than 
the assessment of cIMT when used to predict future 
coronary artery events [37]. For this reason, it is possible 
that TGF-β1 may be related to carotid plaque and not to 
cIMT in patients with SLE. This may be the case in our 
population.

Our study has the strength that we recruited a large 
series of patients with SLE. We have also collected several 
covariables related to CVD such as a complete lipid 
profile. This allowed us to perform a full multivariable 
adjustment. We acknowledge that our cross-sectional 
design does not allow inferring causality. Prospective 
studies will be needed to test the association of TGF-β1, 
not only with subclinical atherosclerosis, but with CV 
events in this disease. We additionally acknowledge the 
fact that the ELISA used in our work could also recognize 
co-secreted propeptides that are released simultaneously 
with TGF-β1.

Conclusion
In conclusion, TGF-β1 is related to the presence of 
carotid plaque in patients with SLE. The fact that this 
cytokine is associated with subclinical atherosclerosis in 
SLE highlights its potential role as a marker of high-risk 
CVD in patients with this autoimmune disease.
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